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In September 1965, a letter was received by 
DATA International of Palo Alto, California, 
from a missionary who was preparing to go to 
Uruguay, South American, asking advice re- 
garding electrical appliances he could purchase 
and use on the 60 cycle voltage supply in the 
States and cpuld also use on the 50 cycle voltage 
supply in Uruguay. 



(c) 1966 by the Board of Trustees Leland Stanford Junior University. 

This case was prepared by Professor J^mes W. Hill, California 
State College at Long Beach, during the Summer Institute on 
Case Methods supported by the National Science Foundation at 
the Stanford School of Fngineering, 1966. 



Background 



Development and Technical Assistance (DATA) International was or- 
ganized in 1959 as a volunteer organization operating as a clearinghouse 
for finding technical information for Americans living and working in 
the remote corners of the world who find themselves with problems they 
cannot solve without help. DATA began by specializing largely in helping 
American missionaries abroad who found themselves faced with technical 
problems outside their experience. 

With the advent of the Peace Corps and the increasing numbers of 
voluntary-agency representatives abroad, DATA is branching out to offer 
its services to all Americans working in or near the village level world- 
wide. DATA leaves the big problems of foreign aid to others and tackles 
the "bite size M problem that is big to some individual struggling overseas 

Since its inception DATA has received more than 5,000 letters from 
people all over the world, each asking help on one or more problems. DATA 
has enlisted more than 1500 specialists -~ engineers, scientists, doctors, 
etc, who are willing to give freely of their ti e and effort toward 
the solving of these problems. 

When a request for help is received, DATA customarily sends the 
problem to at least three of its consultants, in order to take advantage 
of independent opinions. They may also send inquiries to manufacturers 
asking for assistance on the problem. Replies from these sources are then 
sent to the person who requested help. 

Thus, DATA provides the connecting link between the person with 
a problem and the person with an answer. 

Such a letter was received from C. W. Van Dolsen of Warrensburg, 
Missouri, who was on the point of leaving for Uruguay as a missionary . 
His problem is stated in his letter, a copy of which is shown in Exhibit 1 

Following the customary procedure, DATA forwarded copies of the 
letter with a request for assistance to consultants, whose replies are 
shown as Exhibits 2 through 5. 



Exhibit 1 



OCT 4 - 1965 




MISSIONARIES TO URUGUAY, 




SOUTH AMERICA 



C. W. Van Dol»*n 

703 South ColUge 
Warrensburg, Mo. 



Cozrtti, C. W. »nd Wirr.ii 



September 30, 1965 



Dear Sir: 

We have been referred to you by Missionary Equipment Service 
of Chicago. In going out to Uruguay I have some questions 
concerning the electric current.. Uruguay requires appliances 
to be used before they enter the country* This means that 
we must use them here and there. Realizing that their current 
is 220 volt 50 cycle, I am wondering how to do this. 

The refrigerator seems to have no problems. I can buy one 
with a motor for 110 volts 50/60 cycles. I can use it here 
and with a transformer to change their 220 to 110, I can use 
it there. 

Is there an electric range on the market that has the 50/60 
arrangement for the clock, timer, etc? Our electric ranges 
are 220 volt. Will this work with their current. It has 
been brought to my attention that our 220 volt require three 
wires and perhps theirs- only requires two. Is this- correct? 
And, would it make a difference other than perhaps a different 
type plug? Are these change over plugs available? 

I can buy an automatic washer either 220 volt 50 cycle or 110 
volt 60 cycle. Could I just buy the 110-60 to use here and 
change the motor for the 220-50 for use there? How much change 
would there be? By changing the motor and perhaps a pulley 
and belt, would this make the complete change so the the washing 
cycles etc* would work properly? 

I would also need to know the same information for an electric 
dryer. Or, could I buy a 220 volt 60 cycle dryer here and use 
it there expecting the time of the drying cycles to be off some- 
what? 

Thank you for any information you can give me* 



Sincerely, 




C W. Van Dolsen 



UNDER APPOINTMENT^ 




• ASSEMBLIES OF GOD 




N international 



437 CALIFORNIA AVENUE 
PALO ALTO CALIFORNIA 



OCT 2 0 iab5 



Answer Form 



PROBLEM NO._ 
YOUR ANSWER: 



^ 399 



p I ease type or pri nt 
ON THIS SIDE ONLY 



To be of maximum value a reply 
should be received by 27 22l 65 



You should have no trouble operating a 110 volt 60 cycle 
refrigerator in Uruguay providing, as you suggest , you use a 
transformer to step voltage down from 220 to 110, The 50 cycle 
current would only cause the unit to run at 5/6 the speed it 
should run on 60 cycles 9 but this should cause no difficulty in 
a refrigerator* 

The U # S» standard for electric range** is 220/110 volts, 
3 wire* This means that between two "line" wires the voltage 
is 220 volts and between either "line" wire and "neutral" rt 
the voltage is 110* Standard U* S* ranges are designed to * 
utilize 110 volts on the low~medium heat positions* I am sure £ 
Uruguay uses only 2 wire 220 volts which is not suitable for a n 
standard U* S* made range* It would be possible to get a w 
transformer for this application, but it would be very costly 
as ranges consume a considerable amount ot power* The timer 
and clocks would run at 5/6 the normal speed anyway since the 
frequency would be 50 cycles* 

The same comments on electric ranges would apply to the electric 
dryer * 

It would be feasible to use a transformer to step voltage 
down from 2*0 to 110 volts for a washer as they don't consume 
much more power than a refrigerator* Of course the motor and 
timer would also run at 5/6 the speed as on 60 cycles* This 
would only mean, for example, with the timer set at 20 minutes, 
it would vwU actually run for about 24 minutes* Of course 
the machine will run at slightly slower speed, but this 
should not be harmful* 

Some major manufacturers of appliances in this country make 
appliances that will operate at other voltages, such as 220 
volts, 50 cycles* I would suggest you write to Westinghouse 
International Company, 2u0 Park Avenue, New York, or General 
Electric International Company in New York City, or some other 
such as Frigidaire* I am sure one of these companies can 
arrange to sell you appliances with proper voltage and frequency* 
However, it is questionable if you would be able to use them 
^ here before you left* I would suggest following the manufacturers 9 
recommendation on this point* 

DATA International, on behalf of the Staff, Consultants, Sponsors and Assistance Agencies co- 
operating, is pleased to render this problem-solving service, but must of necessity disclaim all 
liability for its use or application. 

DATE /(/,,/ US FROM , , f 

/ ' "James R Monroe 



Exhibit 3 



OCT 1 8 1965 



Answer Form 



To be of maximum value a reply 
should be received KyOct 27, 55 



This problem concerns use of 60 cycle A. C. electrical 
equipment with 50 cycles or 50 cycle equipment with 60. The answers 
are complicated because alternating current impedance (a kind of 
"resistance 11 which holds back current and prevents too much flowing 
through the equipment, which otherwise might overheat and burn out) 
is proportional to the number of cycles per second. In 1934 I took 
my General Electric Refrigerator to Sumatra where they also had 220 
volts but 50 cycles. I bought an auto transformer here to reduce 
the voltage from 220 to 110, but was advised by the shop foreman there 
that a further reduction was necessary. The amount of reduction may 
be estimated by considering that most of the impedance of an electric 
motor is attributable to the inductance of the windings (relatively 
little resistance loss in the wiring). If the motor is rated to stand 
120 volts at 60 cycles, then five sixths of that voltage (50 divided 
by 60) at 50 cycles will send the same amount of heating current through 
its windings. That means if your transformer would deliver 120 volts, 
a further reduction of one sixth that amount or 20 volts is necessary. 
A resistance capable of dropping voltage by 20 would produce heat and 
cause excessive charges for unused or wasted electricity. A choke 
coil, on the other hand, dissipates the voltage but feeds the energy 
back into the line so there would be only minor additional charge for 
unused kilowatt hours of electricity. 




PROBLEM NO._ 
YOUR ANSWER: 



international 

437 CALIFORNIA AVENUE 
PALO ALTO. CALIFORNIA 



4399 



please type or print 
ON THIS SIDE ONLY 



The choke coil which I made consisted of a toroid (dough- 
nut) of lengths of soft iron wire. The larger diameter of the toroid 
was about 8 inches, the smaller about 1 inch. Around the toroid Was 

wound regular insulated electrical wire, 
about number 12 or 14. Caution: be 
sure you have adequate electrical insu- 
lation to guard against shock hazard, 
which is especially vicious with 220 
volts and an auto-trans former I The 
actual amount of wire used had to be 
arrived at by cut and try until the 
voltage drop across the coil when con- 
nected in series with the terminals to 
the icebox was enough to reduce that 
across the icebox to the specified amount. 




A different coil might have to be wound for each different 
60 cycle motor you might want to use with 50 cycles. 



Continued on following page. 



DATA International, on behalf of the Staff, Consultants, Sponsors and Assistance Agencies co- 
operating, is pleased to render this problem-solving service, but must of necessity disclaim all 
liability for its use or application. 



liability for its use or application. X\ y S 

DAT E / *tT s FRO M /tts&Hsi//-S> l^/i 




Donald S Villars 



Exhibit 3 (Con't.) 



Now, to discuss your specific questions. Unless your re- 
frigerator motor for 50/60 cycles has different input connections for 
the different number of cycles, I would be skeptical that it might over- 
heat if you let it run on the slower number of cycles. (Also, the 
motor is almost sure to run only five sixths as fast. In our case, 
it was running 100$ of the time in the heat of the tropics — not cut- 
ting on and off like it normally does here at 60 cycles.) 

I know of no electric range that has a 50/60 cycle clock or 
timer. These are usually run by synchronous motors and if the number 
of cycles is 50, they will only run five sixths as fast as at 60. (I 
doubt that you will find any spring wound clocks or timers on an elec- 
tric range.) The clocks probably also run on 110 volts. The heating 
part of the range is completely independent of the number of cycle 5 , so 
no choke coil would be required. You will probably not find three 
wires for 220 volts in Uruguay. (If you do you better get local in£ 
structionJ) If you can identify which is the middle wire of your 3, 
you can try leaving it unconnected, but beware of your clock and timer, 
as they might get burned out if they work on 110 volts and depend upon 
the two 110 v. sides being accurately balanced so as to give exactly 
110 v. to the clock at all settings of your burner switches. 

Changing a motor there to another which runs at 220 v., 50 
cycles sounds expensive. Also you will not be able to claim it as 
"used 11 . Since you are buying new equipment and are not confronted 
with the problem of having to make do with what you already have, £ 
would feel inclined to prefer to buy the 220 volt 50 cycle equipment 
here plus a transformer from 110 to 220 (an auto-transformer used to be 
cheaper) for 60 cycles here. The equipment might not run as well or 
as efficiently here but I don't believe you would be likely to get into 
as much trouble as you could by doing it in reverse fashion; i. e., try 
to make do on 50 cycles with 60 cycle equipment and have to wind sever- 
al choke coils. 

I wish you luck in your tour of duty in Uruguay. Mrs. Vil- 
lars and I spent a day in Montevideo on a tour of South America last 
February. I was very glad to leave because it was the only country 
we encountered with so many insulting anti- U. S. signs. 



+ 1 
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ternational 
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PALO ALTO. CALIFORNIA 

PROBLEM NO, 4399 To be of maximum value a reply 

YOUR ANSWER: | , Z ~ | should be received by 27 Oct 6 5 



please type or print 
ON THIS SIDE ONLY 



In* nut /muhd ji'm&s &vu -fA/s busUtcxs Mjh Jo J&<£, 6<c.*<>raJ £/<ccJrriz; J2o*/Mkf 
cd~ l/eU(<u] Fh>ne^Pa,> I heme* je/k-*^ -/Ass ^f*fy*dt#*J -fr&nu n<uj foctd 
ioxtjUirf&s m>*L<X F]'<£~ld tZ*gi*tG<Tf* for lnbry\<xh\* *a.f <5<z*\*irct( SZ/ecbtk* t 
Ttus h assUltKMce. I ccl^ nr^dcr i*v^M<zJ<takdtf buJ~ jieskafrs // will 

h*Jf>> 

frVst -H\<£- fcAidc-rtib/- i uulU r^/o/ ^ titUf&d s/a-Azs a^r. 

ra-lx-d &r a/J/w* //£~i/o/S?? ^/ &O dc/c J^s &r JCd vof/s* at- GO c<jcj<zs. 
A** cJ<2tfrtc*> me-kr ru«s hcfteS tr*J SO 6</e/<zs a^d A hesnte-A'c&df 

Mat **u/ nefiipcnthr 
LjOuj -hike, sli6*Jc/ be* ^cjmJcrJ I0O i/o//s ( f)/c4$ or humms 10 ^rca^j 
or- c ]0 4o //O t/^//s\X M&bo ztAS-c Mx&t' Jrtz^sf&nr^czr cjo-^ jx+uj has 

htj?5 &y\ // SO Lf&K^ CCL*^ $eJ<z£'i** ~fh<£* £yjA*Wl<t-<*0 \S&f-fziJtL~ &uff>ur~ CLyicJ 

t>\>LC -hr 4s "lrcL*\ $ /&~n*t rpJ&xJ 4T2TO \/ofJ - a** J><? /czs o-r n</V<£. 

4mJ -for cl, j /s h*rs<z.jj6ijtr,r- Hto/&r uses, at l<z*sA ol 7 SO Jra*4sJ*rni<nr 4 

/Jcxf -/Ire eJcj^Jyic^ *a+A€j£~ % Theses rs no way Jo Coyt^ert <rv cJock. or J^ctr- 
-£t>*v &Q ctfcl<zs -fa SV <ujcJ<£~s , c*^ "Jh<z- C/S as<z- *//r<&c/ -fvr 3 iAstn& 

2:20 \/o(hs > On&.Mite- /*" yieu/rzL/ j &*<z us/r<z~ /s p/otS // 5" vo/fc } a~+>\<d 

s jifi /t o-tA.4~fcLh -/Jus vof-fstO* rtwas wiJL> $ J / 

cwfrv/j ft ST softs /Is us&J -£r 2~ f<ziS<z./s of , &/<zc/rtc» shise* 

kaxx-L c*>t-Uv/ fr cmS^U^ hcoJ ce-&kr&f c^tkf /*2~ ca$i/tj t/<?r/ccJ /or 

o\/&\j It^kP) keuU& it> h<t, r*zj)facc:d *v///0 ZTjO uo/J' kalis, / a»t su-rn, 

DATA international, on behalf of the Staff, Consultants, Sponsors and Assistance Agencies co- 
operating, is pleased to render this problem-solving service* but must of necessity disclaim all 
liability for its use or application. -A + /! 

DAT E /////^r" FRO M /<p^fe 
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CHKO. BY. DATE JOB NO.-^.-dlv^ 



C*vw&J- ~hk<r^ n<&tJred 4zr«>u«a./ a*id neyaJ-tiM, tzr^uXiaf -tcjeMtcS 
om<J tt'e> -jA&uu -k -&<z~ n&drzJ wins, cu^d Az> a~ ctrtfesuGu+r wafer* 
pifxz, *r *\<zh*J cUii/&u c*\fa Wr<> qn9-u**d , ■/ ' 2-ZO vc/h 

UJiVc- -Jo -ji\<£. plus Sv-ry«JL«.aJ tV^S- stcU<£Z-, 7il<2-ra> 'S &VL^ WO^frU^, 

Avt J&ctn'c dt>s& coMycUtx*) &t /easf 9000 wadk (or 9 kJ/owadhs, 
wrlthwv 9 kvo).J3<s. st^nt^ a^d cM<sxJc u/ith load tuJtifi+itics ^ 
LUu^iajxm -to ?<&z~ if <5kMJ /s a//*«J<zcJ Z wtr& f^f^, ^ ,n ^l* 

phbaJily wU/ Atcf a//o*) if *^/7/ /equity -tic ut^hJUhAu of 

AJ&w ~H\<z- vJ4sk<cjT, D*s ax^cf wd<ds of G £ iMasl\£SS j SO dycJ<z, 
n\joda>ls use* a laurqef ciutcAs cU-umO a**d hea*/izjr shoes . Yb<£< re/ay 
y^sf ws.lt>h dh&~ hUi-Ur- cjjsrr<zd~ -ttt£~ SO ujJ^ MyJeJs ka*j& 
ddj&n&J-* mJeuJ , yf«zs<z, 3 ponds t^^ie changed 'do 
SO <uicJ<&~ wxl&l Jo 4* 6sO <ujcJc wdeJ 7&<z- k<tiUJic,r druMO &*<f 
shec* cSerUad *u>tor a/ bO aycJes . To ce« isesf -to SO cyj<zd 
-tr&v*, bO cUjcJ<zs yuobr /^ust t>e cAoM^ttcf also . Tie (s>0 cycJ<z, 

to.o-kv is nof tndJf to s/au^d the e*^4zu k&zt drsstfatdtTO , ft wax 
^sti^aJeuJ JbcJ" -AjZSg* dAn&L. /oa^ts f u/oujd w/ y^ypj^/e^ 

tKcbrrs. l/ouj fjnsUhkj c*d- b%y sD Cycle- yashar arfiafk, de<*s ncj- 
ch<3u*y<2> Jibes' *t~ qe&r nv4ra& cr*u -tti&'r wash<ttrs. 7&ey usez, -Ht<z, 
Sa«*<z. -&rr Mk. SO cydes a^c/ 60 cyJes, But -Mtay do wind 4v*A*tr- 

c^cJ^ e tf tjfruu a, uuasli<cr -&r ZLO \jcff, SO c<j<Jc cft&zt/ttxj 

-ttiar deex tvot- n&jL/ir^ ~dttzs<& c-ka^qcs L^j ord&r to wcrrk 60tyc/eSj 
uou C+ujd Just c&*m*.cJ-¥o'-J6<z< Z30 vot-h, cyc/<zs aUeuJak/e, /<*as. 
^ -H^ US uvg- jf-j as , yfi<zjn& f's a~u>th<zs* -£cJ*-r -to 

t&yxrsid^rczd ^1 so CUid dkoJ- is MJ#Lr fir&ss ustz, , f-f JJt&> lAjaf^ 
pnzssussz- -tk/fz beJ*«J /0 fiords per square. <^cb } T^e \rtJs<^ 0*t> 

cuilo iMoh 'c^ ujask^r u/J/t n4rhof><£*s, <5 EL seJ/s <x S<z»*~u — 
cusikf-maJt^ \AMsh<z^ -fttaJ- HUift h<^ f>ll<2-d fry kaMa> , u/A«*0 cfo-uJ 
kao<2> dcA^hexJ e-v^uaL/ ^aJzr Udo /-t )t -/A^ wa.sk/ (err -Mt& rt^c^J 
Ujci<& w//l <sfet~rd, / do *vct b<dfku^. a~*j err -Hut. <$ £. exfa-d~ 

A\<d last, 4k<z, drt^r t if tjfrvj C&mj cu drikr ts rated '£r 

botA S&&ycJ&$ CL*d 6>& cyct&s> T^e- vector w&tdd *u?f tiaU& l& /j<z. 

//S~ Johk oJso tA<z. tu**<tr twknr /s //S~t/£>/rs< cjouy i/Jtyujd kaJd^ 
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1 GENERAL 




ELECTRIC 



IGE EXPORT DIVISION 



GENERAL ELECTRIC COMPANY 
159 MADISON AVE.. NEW YORK. N.Y. 100t6 
-U.S.A.- 



AREA CODE 212 

TELEPHONE: PLaza 1-1311 

CABLE' ADDRESS: "1NGECO, NEW YORK" 



January 28, 1966 
JWR - 2084 



Mr. Douglas K. Hayward 

DATA INTERNATIONAL ASSISTANCE CORPS. 

437 California Avenue 

Palo Alto, California 94306 

Dear Sir: 

With reference to your problem number 4399 , please be advised as follows and with- 
in the Units of this problem as they apply to General Electric appliances only. 
Due to design differences between manufacturers the information hereinafter provided 
■ay not be taken as being applicable to major appliances manufactured by other 
_ companies. 

Our refrigerators and freezers, normally used on 115 volts, 60 cycles, can all be 
used on 50 cycles if the voltage is transformer reduced to 100 volts , 50 cycles. 
In our case we do not like to see 110 volts still less 115 volts applied to the 
motor when the line frequency is 50 cycles* 

There is no such thing as an electric 50/60 cycle clock. It is either one frequency 
or the other and mechanical parts have to be changed (rotor) to compensate for the 
difference in frequency. If the voltage has to be changed either a small transformer 
has to be used or the field coll has to be changed. 

Most American electric ranges are designed for 236/118 volts, 60 cycles, 3-wire, 
single phase service * This type of service normally provides 5 heats on the surface 
units. A single phase 220 volt, 2-wire service only provides 3 heats and among 
other components all the switches have to be changed and these ranges are specially 
manufactured. Changing the plug does little or nothing. 

The conversion of a standard domestic washing machine or dryer for use on 220 volts, 
50 cycles involves changing many components. Compared with the first cost of a 
machine manufactured for this type of electrical service, the conversion charge is 
usually uneconomical. It should be realized that the washer motors work in conjunction 
with a relay that is frequency sensitive and this also has to be changed. 

In order to handle inquiries of this type we have set up five Authorized Exporters 
in New York, Washington, D*C*, Miami, San Francisco and Los Angeles* These outlets 
^ carry the special export material and are equipped to take care of the needs of U.S. 
continentals proceeding overseas* We attach a sheet showing the addresses of these 



outlets. 



Very truly yours, 



ltt-428 (2-64) REV. 

JWRjLGi 
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AUTHORIZED EXPORTERS 



Thor Export Sales Co* 
130 Madison Avenue 
New York, H.Y. 10016 



Pacific-King 

1222 Vest 6th Street 

Los Angeles, California 



Allied Export Distributors 
9001 f, G w Street 
Oakland 3, California 



General Electronics, Inc. 
4513 Wisconsin AYenue, N.l 
Washington 16, D. C* 



Hopkins - Smith 

P« 0. Box 8368 

Fort Lauderdale, Florida 



